The combined presence of WSN gene segments 6 (neuraminidase), 7 (Ml and M2), and 8 (NSI and NS2) in reassortants of WSN with A/Aichi/2/68 (H3N2) has been found by others to be necessary for full expression of neurovirulence in mice. We are examining the expression of the analogous three gene segments in brains of mice after intracerebral infection with non-neuroadapted strains AIWSI33 (WS) (from which WSN was derived) and A/PR/8/34 (PR8). Our aim is to determine possible mechanisms by which one or more of the five gene products may restrict replication of these strains in mouse brain cells to a single cycle, yielding noninfectious hemagglutinating particles (incomplete growth cycle). We found that minority subsets of such particles did produce plaques, provided they were activated by trypsin (analogous to other abortive systems producing virions with uncleaved HA), a step obviated for some WSN virions by indirect promotion of hemagglutinin cleavage by the neuraminidase of that strain. The percentage of such potentially infectious virions, relative to total hemagglutinating particles, was significantly lower in WS-or PR8-infected than in WSN-infected brains, suggesting possible defects in synthesis or function of Ml protein in the former. Cells in immunostained sections and appropriate bands in Western blots (immunoblots) of viral proteins electrophoretically separated from lysates of PR8-infected brains reacted with antibody to nucleoprotein but not to Ml protein. Either method revealed the presence of both proteins in WSN-infected brains. In contrast, Western blot analyses of particles concentrated from PR8-, WS-, or WSN-infected brains by hemadsorption, elution, and pelleting did reveal NP and Ml bands with comparable relative peroxidase-antiperoxidase staining intensities. The findings suggest that availability of MI protein is a factor influencing the extent or rate of assembly of potentially infectious (i.e., trypsin-activated) progeny virions in mouse brains and that in this respect the two non-neurovirulent strains differ from WSN quantitatively rather than qualitatively.
The combined presence of WSN gene segments 6 (neuraminidase), 7 (Ml and M2), and 8 (NSI and NS2) in reassortants of WSN with A/Aichi/2/68 (H3N2) has been found by others to be necessary for full expression of neurovirulence in mice. We are examining the expression of the analogous three gene segments in brains of mice after intracerebral infection with non-neuroadapted strains AIWSI33 (WS) (from which WSN was derived) and A/PR/8/34 (PR8). Our aim is to determine possible mechanisms by which one or more of the five gene products may restrict replication of these strains in mouse brain cells to a single cycle, yielding noninfectious hemagglutinating particles (incomplete growth cycle). We found that minority subsets of such particles did produce plaques, provided they were activated by trypsin (analogous to other abortive systems producing virions with uncleaved HA), a step obviated for some WSN virions by indirect promotion of hemagglutinin cleavage by the neuraminidase of that strain. The percentage of such potentially infectious virions, relative to total hemagglutinating particles, was significantly lower in WS-or PR8-infected than in WSN-infected brains, suggesting possible defects in synthesis or function of Ml protein in the former. Cells in immunostained sections and appropriate bands in Western blots (immunoblots) of viral proteins electrophoretically separated from lysates of PR8-infected brains reacted with antibody to nucleoprotein but not to Ml protein. Either method revealed the presence of both proteins in WSN-infected brains. In contrast, Western blot analyses of particles concentrated from PR8-, WS-, or WSN-infected brains by hemadsorption, elution, and pelleting did reveal NP and Ml bands with comparable relative peroxidase-antiperoxidase staining intensities. The findings suggest that availability of MI protein is a factor influencing the extent or rate of assembly of potentially infectious (i.e., trypsin-activated) progeny virions in mouse brains and that in this respect the two non-neurovirulent strains differ from WSN quantitatively rather than qualitatively.
Human infections with representative members of most families of animal viruses are associated with occasional, sometimes pathognomonic, neurological illnesses (24) . An exception seems to be human influenza, in which neurological complications or sequelae are rarely reported and have been even less frequently proved by rigorous etiological evidence (for reviews, see references 13, 26, and 52). The intriguing question of a possible causal relationship between the pandemic of 1918 to 1919 and the overlapping worldwide occurrence of von Economo's encephalitis lethargica, with its common sequel of postencephalitic Parkinsonism, has remained unresolved for 70 years (3, 14, 34, 42) . During the destructive epizootic in seals caused by an avian H7N7 strain (A/seal/Mass/80), virus was isolated from lungs and brains of dead seals (60) . It caused severe conjunctivitis in accidentally infected laboratory workers (59) and was capable of replicating in brains of mice (60) . This episode in a mammalian host led Webster et al. (61) to ask "what would happen if such an event occurred in man instead of seals? Would the resulting pandemic be similar to that of 1918-19?" We believe that this question ought to include concern about possible neuropathological effects in such a pandemic.
Experimental evidence linking human influenza viruses to potential neurovirulence is the adaptation of A/WS/33 (WS) to mouse brain, yielding the variants NWS (51) and WSN (15) . These strains are able to undergo multicycle replication and induce brain lesions, resulting in acute fatal encephalitis in adult mice after intracerebral (i.c.) inoculation or in newborn mice as part of generalized pantropic spread after intranasal infection (58) .
The seemingly unique properties of these variants have been examined repeatedly by genetic analysis of recombinants (extensively reviewed in references 26 and 53) . It (45, 46, 62) ; (iii) lesions in the brain with a distribution corresponding to that of virus-specific immunofluorescence (1, 16, 36, 38, 56) ; and (iv) late sequelae of ependymal infection, aqueductal stenosis and hydrocephalus (23, 25 (12, 62) .
Infection of mice. Outbred Swiss mice, 4 weeks old or pregnant, were purchased from a commercial dealer. Volumes of i.c. inocula were 20 [lI for mice up to 10 days old and 30 1l for weanlings; all inoculations were done under ether anesthesia. For harvest of tissues, mice were deeply anesthesized with ether or chloroform; usually, the chest cavity was opened aseptically and the right atrium was punctured to allow partial exsanguination, occasionally followed by partial perfusion through a 26-gauge needle inserted into the left ventricle.
Preparation of brain extracts. Brain extracts were prepared as previously described (45, 62) with modifications: a 10 to 20% (wt/vol) homogenate in PBS or Tris-buffered saline (TBS) containing 3% crystalline Vibrio cholerae NA (Calbiochem-Behring, La Jolla, Calif.) was incubated for 1 h at 37°C and then centrifuged for 15 min at 1,500 x g. A small portion of the supernatant was set aside for infectivity titrations; the remainder was mixed with 1/3 volume of a 4.5% packed fowl RBC suspension in 0.85% NaCl containing 3% sodium citrate. After hemadsorption (HAds) for 1 h on ice with occasional shaking, the RBC were sedimented, washed three times with ice-cold PBS, and then suspended in 1/5 to 1/10 volume (relative to original mouse brain homogenate) of 1% NA in prewarmed PBS or 0.85% NaCl. After 1 h at 37°C, the RBC were sedimented. The supernatant eluate was titrated for HA and then either made 0.2% with bovine serum albumin (BSA) and stored frozen or centrifuged at 55,000 x g for 1 h at 4°C; the usually pink pellet was suspended in 1/10 to 1/100 volume (relative to eluate) of PBS, resulting in a final 10- SDS-PAGE. Two procedures were used for SDS-PAGE. In procedure 1, trichloroacetic acid-precipitated samples, dissolved in buffer containing 1.25% SDS, 0.156 M Tris hydrochloride (pH 6.8), 12.5% glycerol, 1.25% 1-mercaptoethanol, and 0.001% bromophenol blue, were boiled for 2 min. Polyacrylamide stacking and separating gels were prepared according to the method of Laemmli (29) , except that N,N,N',N'-tetramethylethylenediamine and ammonium persulfate were present at concentrations of 0.04% (vol/vol) and 0.04% (wt/vol), respectively. Electrophoresis was done in slab gels (16 by 14 by 0.15 cm; dual vertical slab gel apparatus; Bio-Rad Laboratories, Richmond, Calif.) with a constant current of 30 mA per gel until the dye front reached the bottom of the gel. Silver staining of gels was done according to the method of Wray et al. (63) .
For procedure 2, frozen tissue was homogenized in icechilled Ten Broeck all-glass grinders in four parts (vol/wt) of lysis buffer I, as described by Collins et al. (10) . The homogenate was left on ice for 20 min; 1-ml portions were centrifuged in a microfuge at 14,000 x g for 30 min, resulting in separation into a clear supernatant, a turbid intermediate layer, and a pellet. The latter was suspended in 200 RI of TBS (pH 7.4), and all three fractions were stored at -80°C. After thawing, protein was adjusted in each fraction to 1 ,ug/jil with lysis buffer 11 (41) . A 20-,ug amount of protein of each fraction was loaded on gels prepared and run as described above.
Western blot analysis. Proteins separated by SDS-PAGE were electrophoretically transferred to nitrocellulose according to the method of Towbin et al. (55) except that the transfers were done overnight in a Bio-Rad Trans-Blot cell at a constant current of 200 mA in transfer buffer adjusted to pH 8.6 with 4 N NaOH. Nitrocellulose strips (0.45-jim pore size; Millipore Corp., Bedford, Mass.) were incubated for 1 h at 40°C with TBS plus 4% BSA (TBS-BSA). The TBS-BSA was removed, and the strips were incubated with gentle shaking for 2 h at room temperature with the primary rabbit immune serum or mouse immune ascitic fluid diluted 1/300 to 1/1,000 in TBS-BSA containing 10% normal goat serum (antibody diluent). The strips were washed for a total of 30 min in three changes of TBS, incubated for 1 h at room temperature with goat anti-rabbit and/or anti-mouse immunoglobulin G, each diluted 1/40 in antibody diluent, washed as before, incubated for 2 h at room temperature with peroxidase-goat antiperoxidase complex diluted 1/50 in antibody diluent, and washed again as before. Reactive proteins were localized by incubation at room temperature with freshly prepared and filtered 0.05% 3,3'-diaminobenzidine tetrahydrochloride in Tris hydrochloride ( (27, 30) . Therefore, we first examined the effect of trypsin on PFU and EID50 titers of brain extracts prepared at various intervals after i.c. inoculation of PR8 or WSN.
In the experiment shown in Fig. 1 (Fig. 1A) , as expected of a virus capable of undergoing multiple cycles of replication. In contrast, for PR8, the yields in terms of PFU(TR+ +) as well as of HA particles (where measurable) followed reasonably well the regression line plotted for the fivefold dilution steps of the inocula (Fig. 1B) Fig. 2 . In each pair, leptomeningeal ( Fig. 2A and B) and/or parenchymal ( Fig. 2C to F Western blot analysis. The best results were obtained when frozen WSN-and PR8-infected brains from the experiment shown in Table 1 were extracted according to procedure 2 (see Materials and Methods). As described, centrifugation of such extracts yielded a clear supernatant, a turbid intermediate layer, and a pellet. Equivalent amounts of total protein of each fraction were subjected to SDS-PAGE. Each of the silver-stained gels contained some 70 bands, none of which were identifiable as viral proteins.
Western blots of parallel gels are presented in Fig. 3 . The WSN samples (Fig. 3A) revealed approximately equivalent anti-NP-and anti-Mi-reactive bands in the pellet fraction (lane d); in the interphase (lane c), the Ml band was most prominent, with NP greatly diminished relative to the pellet fraction; the supernatant (lane b) displayed reduced amounts of both proteins. The results suggest that in WSN-infected mouse brain extract, the two proteins form complexes which are enriched in the pellet; a relative excess of Ml protein, not similarly complexed, remained concentrated in the intermediate fraction. The partitioning of the PR8 sample (Fig.  3B ) was strikingly different in that strong reactions with anti-NP were evident in each of the three fractions, none of which contained a detectable Mi protein band.
Since complete absence of Mi protein seemed incompatible with the presence of fully assembled virions in PR8-infected brains, hemadsorbed-eluted particles were further concentrated by pelleting. Figure 4 illustrates Western blot analyses of such particles with anti-NP and anti-Mi. The Mi/NP ratios calculated from densitometric tracings were similar within each of the two experiments shown in Table 3 , which confirmed the biological evidence indicating that HAds particles isolated from brains infected with either of the two non-neurovirulent HlNi strains, like those from WSN-infected brains, include subsets of fully assembled virions.
DISCUSSION
This study has had as its limited aim a reexamination of some features of the incomplete replication cycle of certain non-neuroadapted strains of human type A influenza virus in mouse brains, first described almost four decades ago (45) . Knowledge gained in the intervening years has confirmed that expression of viral information may have pathological consequences even in the absence of infectious progeny virus detectable by conventional isolation methods. Moreover, the more recent identification of the specific variant genes that apparently enable the WSN strain and its reassortants to express the neurovirulent phenotype (54) permits us to focus on possible defects in the expression of the corresponding genes in brain cells infected with non-neurotropic HlNl strains closely related to the WSN variant.
Immunofluorescence evidence for the presence of viral antigen(s) in WSN-infected adult mouse brains at 24 h after i.c. inoculation seems to be pretty much restricted to the ependymal lining of the ventricles and to the meninges (1, 16, 36, 38, 56 Table 2 ). This finding is in accord with those reported for the same strain in different host cell systems (30) . For example, Lazarowitz et al. (31) found that more than 85% of the HA of WSN virions grown in Madin-Darby bovine kidney cells in the absence of serum was uncleaved, whereas the HA of WSN grown under medium with 2% calf serum consisted of more than 90% HAl plus HA2. This effect was attributed to the presence of plasminogen in calf serum, which was assumed to be converted to plasmin by host cell enzymes.
Such low efficiency of the HA cleavage mechanism would be consistent with the genetic evidence suggesting a decisive role for the WSN-specific NA (gene segment 6) rather than the HA itself (segment 4 Table 3 . MW std, Molecular weight standard. 4. possible alternative explanation for the suggested role of WSN gene segment 6. The assignment of such a unique function would be consistent with the fact that the nucleotide sequence of this gene segment differs significantly from that of PR8 segment 6, as reported by Hiti and Nayak (20) (segment 6 of the parental WS strain remains to be sequenced).
The finding of relatively high yields of trypsin-activable infectious virions in PR8-or WS-infected mouse brain may explain results reported by Cairns (8, 9) to the effect that these strains, after i.c. inoculation of "small" doses, un (Table 3 and Fig. 4) . We assume that the Ml in such preparations is contributed, at least in part, by the minority subsets that can be made infectious by exposure to trypsin under + + or -+ conditions ( Table 2 ). In contrast to Ml, NP appears to be present in great excess in immunostained sections as well as in lysates of whole PR8-infected brains ( Fig. 2 and 3 ). Intranuclear accumulation of NP is characteristic of PR8-infected mature astrocytes in mouse embryo brain cell cultures (5, 6) .
It is the circumstantial evidence discussed above that leads to the assumption that most of the HAds material recovered from brain tissue consists of cytoplasmic membrane fragments modified by insertion of viral glycoproteins. Such viromicrosomes (44) should be deficient in Ml protein and NP but would contain ribosomes and enzymes associated with the microsomal fraction of normal cells, e.g., glucose-6-phosphatase (44) . This interpretation would be in agreement with the predominant morphological features of the HAds particles described earlier (62 
